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Abstract
It is argued that the topcolor models recently proposed by Hill [1] may face
signicant constraints from avor-changing neutral current processes (such asB  

B
mixing) unless the mixing angles between down-type quarks are small. The avor-
changing processes are mediated by scalar bound states which are likely to be light
as a result of the near critical dynamics of the b-quark sector. The consequences of
the latter on the bottom quark mass are also briey discussed.

e-mail address: kominis@budoe.bu.edu
In topcolor models [2], the top quark participates in a new strong interaction which is
spontaneously broken at some high energy scale , but not conning. The strong dynamics






i and gives rise to a large dynamical mass for
the top quark. If this top condensate is to be an adequate source of electroweak symmetry
breaking, then the scale  must be very high, of order 10
15
GeV. This would render the
hierarchy m
t
= unnatural; that is, a certain coupling constant would have to be tuned to
an enormous precision for this hierarchy to be achieved.
Recently, a class of models has been proposed [1] with the aim of making the top quark
mass generation natural. The scale  was assumed to be of the order of only a TeV or so
{ in return, one had to give up the requirement that the electroweak symmetry is broken
solely by the top condensate.
In the models of Ref. [1], all quarks and leptons of the third generation participate in
the strong dynamics at scale . Condensation occurs in the top sector (but not the bottom
sector) because of isospin-violating U(1) couplings which render the b-quark dynamics
subcritical. (Leptons are dierentiated because they do not carry color.) Even so, scalar
bound states are expected to emerge at low energies, coupling very strongly to the bottom
quark. Generally, these states are assumed to be heavy, with masses of the order of the
scale , and their eects on low-energy processes are neglected. The purpose of this note
is to point out that, because the dynamics of the bottom quark sector cannot be far from
critical, these states are likely to be light and that, if there is mixing between the third
and the rst two generations, they can mediate observable avor-changing neutral current
(FCNC) processes, notably mixing in the neutral B
d
-meson system.
In the following paragraphs we review very briey the main features of the topcolor
models of Ref. [1]. Starting from an eective four-fermion Lagrangian, we derive the low-
energy scalar bound state spectrum and calculate its contribution to B  

B mixing and
to the partial width of the decay b! s. We also comment on the possible enhancement
of the b-quark mass due to near-critical interactions.
















with the same quantum numbers as under ordinary QCD and









interactions are strong but not conning.
An unspecied mechanism that may or may not be relevant to electroweak symmetry













at this scale. As a result, a set of massive gauge bosons appears, a
color octet B
a
and a singlet Z
0
. At scales below the mass of these particles one can write
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are the masses of the color octet and heavy U(1) gauge bosons respectively,
; 
1


























































is the number of colors. Here we have only retained the terms involving Lorentz-
scalar, color-singlet fermion bilinears. It is these interactions that will be relevant to our
discussion, because they give rise to light scalar bound states at low energies. Colored
and vector bound states may arise from other interactions contained in (1), e.g. terms




















. However, they are expected to be heavier and
their eects will not be discussed here. Note that the leading isospin-violating term is
proportional to 1=N
c
. We have explicitly dropped higher orders in 1=N
c
; our subsequent
calculations are performed in the leading-1=N
c
approximation, even though we will take
N
c
= 3 in numerical estimates.
The Lagrangian (2) is equivalent [3] to one written in terms of auxiliary complex



























































, one can recover the Lagrangian (2).)
Equation (3) gives the eective Lagrangian at scale M
B




develop kinetic terms and become dynamical; the induced (gauge invariant) kinetic terms
























































































































A mass for the top quark, but not the bottom, is induced if 
1











































Note that even though these conditions can be satised without severe ne-tuning, the
numerical factors are such that the bottom sector can not be very far from criticality,
unless 
1
becomes very large. In this case, however, besides potential problems with
Landau poles, the chiral symmetries of the  lepton will be spontaneously broken if 
1
exceeds a critical value of 2, and a large  mass will be generated [4].




































As mentioned earlier, the novel feature of the topcolor models introduced in Ref. [1] is that
f

is no longer required to be equal to the weak scale; in other words, top condensation
need not be the primary mechanism of electroweak symmetry breaking. For example, if
m
t
= 175 GeV and M
B




 50 GeV. Some other
mechanism (such as Technicolor [5]) is needed in order to ensure that the model correctly
accounts for the observed W and Z masses.
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, or \top-pions", are Goldstone bosons of the spontaneous breakdown of the chiral




. Small explicit chiral symmetry breaking terms
(such as ETC-generated masses [6] for the top and bottom quarks in a technicolor scenario)
will give mass to the top-pions, estimated in Ref. [1] to be of the order of a few hundred








































































The calculation of the eective potential (7) is done in the large-N
c
limit with a sharp
momentum cuto of M
B
in the fermion loop. It is not clear how much such a calculation
should be trusted, but it is evident that the closer the coupling 
2
is to the critical point,
the lighter the neutral scalars H;A
0





and 3 colors, these formulae give m
H;A
 230 GeV, m
H

 340 GeV. As in eq. (11), we
evaluated the wavefunction renormalization constant z
2
at a scale  = m
t
. So, these
gures do not correspond to \pole" masses, but rather represent the inverse propagator




























Note that the coupling of the scalars H;A
0
to the b-quark is strong, proportional to m
t
; if
there are mixings between the bottom quark and the s and d quarks, then the term above
may induce strong FCNC eects. At low energies, exchange of the H and A
0
bosons gives

























Note that H and A
0













and will only be lifted by instanton eects.
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) the mixing matrix between left- (right-) handed avor states






















































etc. now denote mass states. This leads to mixings in the neutral kaon and










































j,  is a QCD correction factor and B
B



































 6:4  10
 14
[7]. Taking into account the Standard Model
contribution to m
B









































would violate the bound by
approximately two orders of magnitude, if m
H
is of the order of a few hundred GeV. (In
contrast, even this choice of mixing matrices is in reasonable agreement with the observed
K  

K mass dierence.) To raise the masses of the bound states H;A
0
, one would have
to increase the cuto M
B
, recovering some of the naturalness problems the model sought
to resolve at the outset, or else increase the U(1) coupling 
1
. Since, as mentioned earlier,
there is an upper bound to the latter, it is unlikely that the mass m
H
can be pushed
into the TeV region. Consequently, it will be dicult to accomodate, in the context of
the topcolor scheme under discussion, models of fermion masses with large mixings in
the `down'-quark sector. A model where the o-diagonal elements of the matrix D
R
are
naturally suppressed, and thus the bound (21) is respected, has been recently proposed
by Lane and Eichten [10]. (It is of course possible that higher orders in 1=N
c
or gauge





and alleviate some of the problems discussed.)
In Ref. [1], it was argued that the neutral top-pion ~
0
may also couple to the b-quark






b. One can readily obtain this term using the
6
same methods as above, but starting from an eective Lagrangian that incorporates the
eects of instantons [1]
































] + h:c: (23)
(We ignore an overall CP -violating phase.) The magnitude of the coecient k is largely
uncertain. Some QCD-based arguments indicate that it is of order 0.1 or 1 [1]; however,


















































































































are given in terms of ; 
1










































































acquire vacuum expectation values. Minimization of the
potential yields gap equations for the top and bottom quark masses (also easily derivable





















































































Again, there is a phase where the top quark mass is large but the bottom quark re-




, this phase is dened
7




















































interactions enhance a fermion mass that originates in a dierent sector of the dynamics









) occurs if an explicit
b-quark mass is generated in the theory (e.g. from ETC interactions). Depending on the
magnitude of the coecient k, the estimate in (31) may or may not represent too large a
mass for the b-quark.
































) + h:c: (32)
The star on m

b
indicates that this is the piece of the b-quark mass generated by instanton


















seems unlikely, on the basis of the crude estimates reported here.
As a nal example of the eects of the bound doublet 
2
, we studied the process b! s
in the context of the topcolor scenario of Ref. [1]. In the absence of an instanton-induced
b-quark mass, the contribution of top-pions to this decay has been calculated previously
[1,12]. The doublet 
2
couples strongly to the right-handed b-quark and thus, after the




















which mediates the transition b! s. In contrast, if m

b
= 0, top-pion exchange induces








































The coecient of the operator O
0
7
in the eective Hamiltonian (34), arising from the
exchange of a virtual H
+
(see eq.(12)), turns out to be (ignoring any running between
2







































































, their eects add


































is the coecient of O
7
in the eective Hamiltonian (34). If we assume that





to the scale m
b





, then eq.(35) represents an increase of the Standard Model width by
approximately 20% for m
H





The presence of an instanton-induced interaction (eq.(23)) generates the coupling (32)















exchange. Evaluated at a scale M
W























































































































is signicantly lighter than H
+





may arise. Note that, unlike eq.(21), such constraints will not be
imposed on the product of mixing angles and therefore may not be evaded in models
9
which naturally predict small mixings in either the left- or right-handed `down'-quark
sector.
In this paper we argued that the topcolor models of Ref. [1] may face constraints
arising from FCNC processes, in particular B  

B mixing, mediated by the exchange of
scalar bound states coupling strongly to the b-quark. These bound states are likely to be
light, with masses of the order of a few hundred GeV, unless the bottom quark dynamics
is suciently removed from criticality. This could also be desirable in order to avoid
excessive enhancement of the (instanton- or ETC-induced) b-quark mass.
I would like to thank B. Balaji, S. Chivukula, C. Hill and K. Lane for valuable com-
ments. This work was supported in part under NSF contract PHY-9057173 and DOE
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